Merkel cell carcinoma (MCC) is an aggressive skin cancer that is causally associated with ultraviolet light exposure and a recently discovered polyomavirus. Before 2010, MCC was staged using any of 5 unique systems in active use. In 2010, a consensus staging system for MCC was adopted worldwide and replaced these systems. This consensus system includes substages that reflect prognostic differences based on whether nodal evaluation was performed by pathologic analysis or clinical assessment alone. MCC-specific disease classification in ICD-9, to be expanded in the upcoming ICD-10, has improved the ability to track and manage this malignancy. Several biomarkers and histopathologic features have been identified that improve understanding of this cancer and may lead to future refinement of the current staging system. In 2008, the Merkel cell polyomavirus was discovered and is now thought to be a critical mechanism of transformation in at least 80% of MCCs. In patients who produce antibodies to the viral T-antigen oncoprotein, the titer increases and decreases with MCC disease burden and can be a clinically useful marker of recurrence. Diverse studies link CD8-positive T-cell function with outcomes in MCC and serve as the rational basis for ongoing trials of therapies to augment cellular immunity. This article reviews basic and translational research insights that will lead to improved staging, prognostic accuracy, and mechanism-based therapy for this often-lethal skin cancer. (J Natl Compr Canc Netw 2014;12:1255-1262 Merkel cell carcinoma (MCC), or primary neuroendocrine carcinoma of the skin, is an aggressive cutaneous malignancy with 3 times the disease-specific mortality of melanoma (46% vs 15%).
Merkel cell carcinoma (MCC), or primary neuroendocrine carcinoma of the skin, is an aggressive cutaneous malignancy with 3 times the disease-specific mortality of melanoma (46% vs 15%). 1 The annual incidence is approximately 1500 cases in the United States and has been increasing rapidly in recent years, likely partly because of the increasing prevalence of risk factors (eg, aging population, immunosuppression, cumulative ultraviolet light exposure) and improved detection (eg, cytokeratin 20 staining introduced in the 1990s) ( Figure 1 ). 2 MCC characteristically presents as a solitary pink or purple nodule ( Figure 2 ) that typically has several of the features summarized in the mnemonic "AEIOU": Asymptomatic (eg, painless, nonpruritic), Expanding rapidly, Immune suppression, Older than 50 years, and arising on Ultravioletexposed, fair skin. 3 In 2008, the Merkel cell polyomavirus (MCPyV) was discovered and has been shown to be associated with approximately 80% of MCCs, 4 thus joining 6 other viruses now known to be either direct or indirect causes of approximately 50 human malignancies. 5 
History of MCC Staging Before 2010
Before 2010, 5 different staging systems were used in the management of MCC (Table 1) , 6 -10 all of which were based on data gathered from a relatively small number of patients (70-251 cases) from a limited number of institutions (1) (2) (3) . Although each adhered to the tissue-node-metastasis (TNM) system, they differed significantly with respect to several characteristics, including the overall number of stages (3 vs 4), size cutoff for the primary tumor (≤1 vs ≤2 cm), and number of involved nodes needed to constitute upstaging (any vs >2). These differences generated confusion among patients and providers, and hindered discussion of MCC management. For example, depending on the staging system being used, a 1-cm primary tumor with a single positive lymph node could be staged as II, IIA, or III, whereas a distant metastatic lesion could be III or IV. These issues led to the establishment of a single evidence-based staging system that could clarify the classification and management of MCC.
AJCC 7th Edition Consensus Staging System
In 2010, the AJCC and the Union for International Cancer Control (UICC) adopted the first consensus staging system for MCC. 11 The system was based on survival analysis of 5823 MCC cases from the National Cancer Data Base, representing the largest such cohort to date. 1 Analysis of this cohort led to a 4-stage system in which localized disease is distinguished by the primary tumor size (≤2 cm for stage I vs >2 cm for stage II), any nodal disease is stage III, and distant metastatic disease is stage IV (Table 1) . Clinical nodal examination alone has been shown to miss upwards of a third of nodal metastases, 12 and patients who were only staged with clinical nodal examination have poorer survival compared with those whose nodes were found to be negative after pathologic examination, such as with sentinel lymph node biopsy. 1 Based on this significant survival difference, local disease was substaged to reflect whether the draining nodes were evaluated pathologically (IA or IIA) or only clinically via palpation or imaging (IB or IIB). For patients with nodal disease, substages were created based on whether the metastasis was only detected on microscopic evaluation (IIIA), or if the nodal involvement was detectable through clinical or radiologic assessment (IIIB). Like all other cancers, MCC staging is anticipated to undergo revision as part of an 8th edition of the AJCC staging system. Recent developments in the understanding of MCC biology (discussed later) are likely to be integrated into the new staging algorithm.
ICD-9 Codes (209.3X) and Transition to ICD-10 (C4A.X)
The fact that MCC is histologically unique and far more aggressive than typical nonmelanoma skin cancers led not only to its own staging system but also to its independent codes under the International Classification of Diseases and Related Health Problems (ICD) in 2009. 13 Previously grouped with cancers such as basal cell carcinoma, which is far more common, rarely lethal, and not required to be reported, MCC (A) Primary MCC on the left upper eyelid of an 85-year-old man with chronic lymphocytic leukemia that highlights the typical red-purple color and location on sun-exposed skin. This lesion was originally presumed to be a chalazion, and was biopsied after it failed to respond to antibiotics. (B) Primary MCC on the left small finger of a 70-year-old man. Characteristically, both of these lesions were nontender and nonpruritic. was frequently not tracked or managed carefully. After a request for dedicated disease codes, 7 ICD-9 codes were assigned to MCC by the Centers for Disease Control and Prevention (CDC) and became active in October 2009. 13 Implementation of these codes has not only facilitated diagnosis and tracking, but also aided in obtaining insurance approval for diseaseappropriate surveillance and management.
ICD-10 represents a major expansion of ICD-9, and will increase the number of codes by roughly 10-fold across all diseases. With respect to MCC diagnosis, the increasing number of codes affords greater specificity for anatomic site, including unique codes for laterality (Table 2) . Despite a delay in implementation, health care systems in the United States are expected to continue the transition to ICD-10.
Etiology Ultraviolet Radiation
Several lines of evidence suggest a strong link between ultraviolet (UV) light exposure and the development of MCC. These include the predilection of MCC for sun-exposed skin, its low incidence among dark-skinned people, and the predominance of UV-induced genetic mutations (eg, C à T and CC à TT nucleotide transitions) similar to those found in other cutaneous malignancies (eg, squamous cell carcinoma). 14, 15 In addition to UV being a direct carcinogen, UV-mediated immune suppression may facilitate the tumor's evasion of the immune system. 16 Lastly, it has been suggested that UV plays a role in the integration of MCPyV into the host genome and the induction of truncation mutations in the virus thought to be necessary for oncogenesis.
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Immune Suppression
Although most patients with MCC have no known immune dysfunction, approximately 8% have some form of profound, chronic immune suppression.
3 This is a significant overrepresentation compared with the general population, and suggests an important role for the immune system as a gatekeeper of carcinogenesis for MCC. Immunosuppression in the setting of MCC is most commonly caused by comorbid hematologic malignancy (eg, chronic lymphocytic leukemia [CLL]), 17 HIV/AIDS, 18 and immunosup- pressive medications in the setting of advanced autoimmune disease 19 or solid organ transplantation.
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Merkel Cell Polyomavirus
The observation in 2002 that HIV was associated with a 13.4-fold increase in the risk of MCC led to the search for an infectious origin. 18 In 2008, Feng et al 4 discovered MCPyV, the seventh virus now thought to be either a direct or indirect cause of human malignancy. 5 MCPyV is currently thought to be associated with approximately 80% of MCCs, although a recent study has suggested this may be an underestimate. 21 Asymptomatic infection with MCPyV is highly prevalent in the general population (reportedly as high as 80%-90%), 22 and is likely transmitted at an early age. 23 Despite its ubiquity, only a small fraction of individuals infected with MCPyV develop MCC. MCPyV encodes 2 main oncoproteins: large tumor antigen (LT) and small tumor antigen (sT). Both have been shown to be constitutively expressed in MCC, and LT is capable of binding and inactivating the retinoblastoma tumor suppressor protein as one key mechanism of tumorigenesis. 24 In vitro studies of MCC cell lines have shown knockdown of these oncoproteins to be sufficient to arrest growth and/or induce cell death. 25 These studies suggest that MCPyV-positive MCCs require expression of oncoproteins for survival. Taken together, these findings have led to the current thinking that MCPyV is a major mechanism of transformation in MCC.
Prognosis
Even within a given stage, the clinical course for patients with MCC is often highly variable. For this reason, several groups have attempted to identify clinical and histopathologic biomarkers that can predict outcome independent of stage ( Table 3) .
Antibodies to MCPyV Capsid Protein and T-Antigen Oncoprotein
Approximately 90% of patients with MCC and 60% of healthy people produce antibodies to the MCPyV capsid protein VP1. 26 Titers of these antibodies are stably elevated over time, suggesting that this is likely a marker of prior MCPyV exposure rather than of disease status. 27 A study in a cohort of French patients found that higher VP1 titers correlate with significantly improved disease-free survival, 28 suggesting that VP1 antibodies may be a measure of immune response to MCC.
In contrast to VP1, antibodies against the viral T-antigen oncoprotein are present in less than 1% of healthy population controls versus approximately half of patients with MCC, 27 making these antibodies specific to MCC. Among 20 evaluable patients with MCC, T-antigen antibody titers declined in 10 of 10 patients who remained disease-free after treatment, and increased in 8 of 10 patients who eventually experienced disease progression. In 3 of the patients experiencing disease progression, the increase in T-antigen titer preceded clinical detection of the recurrence. 27 These results suggest that serology against MCPyV T antigens may be a useful means of monitoring disease burden in MCC, and this test is clinically available as of 2014 (www.merkelcell.org/ sero). A larger validation study has been completed (manuscript in preparation) and will help more accurately determine the role of this biomarker.
Lymphovascular Invasion
Lymphovascular invasion (LVI) by tumor cells may be a precursor event to metastasis and has repeatedly been shown to be independently associated with poorer prognosis in MCC. [29] [30] [31] In one cohort, the absence of LVI was associated with less than 1% MCCspecific mortality. 31 Although typically correlated with larger tumor size, LVI has been demonstrated in MCCs as small as 0.3 cm. 32 The ability of MCC to spread very early may account for the unusual aggressiveness of this malignancy. The strong association of LVI with poor prognosis in several cohorts may lead to its incorporation into the next staging algorithm.
Impaired Immune Function
Not only are profoundly immunosuppressed patients at a higher risk of developing MCC, they are also more likely to die from MCC than patients with intact immune function. In an analysis of a large cohort from the SEER database, Brewer et al 17 found that patients with MCC and CLL were nearly 4 times as likely to die from MCC as those without. This finding may reflect a direct negative impact of CLL on cellular immunity. However, because SEER does not capture prior treatment history, the potential effect of T-cell-suppressive therapies used to manage CLL could not be excluded. Analysis of a distinct cohort that captured multiple forms of immunosuppression (eg, CLL and other hematologic malignancies, HIV/AIDS, longterm immunosuppressive medications, solid organ transplant) also found that chronic immune suppression was associated with increased MCC-specific mortality. 33 In line with this theme, a recent study showed that patients with absolute lymphocyte counts lower than 1100/mm 3 at the time of initial management had significantly reduced overall survival in multivariate analysis. 34 These observations suggest that immunosuppressed patients with MCC should be monitored particularly closely and that medications impeding Tcell function should be avoided whenever possible in the management of MCC.
Tumor-Infiltrating Lymphocytes
Multivariate models in several cohorts have shown that tumor-infiltrating lymphocytes (TILs), specifically CD8-positive T cells, are independently associated with improved survival in MCC. 35, 36 Sihto et al 36 also found that MCPyV-positive MCCs had signifi-cantly greater lymphocyte infiltration than MCPyVnegative MCCs. Interestingly, among MCPyV-negative tumors, those with high T-cell infiltration also enjoyed a prognostic benefit. 36 These findings suggest that MCPyV-positive MCCs are generally more immunogenic, but that immunogenic tumors, irrespective of viral status, are linked to better outcomes.
Despite evidence that infiltrating T cells are associated with improved survival, evidence also shows that MCPyV-specific T cells are often dysfunctional. A recent study showed that although MCPyV-specific T cells were commonly present in the blood of patients with MCC, they persistently expressed high levels of 2 markers that indicate they were "exhausted" and not optimally functional: programmed death 1 (PD-1) and T-cell immunoglobulin and mucin domain (Tim-3). 37 Using immunohistochemistry, Lipson et al 38 found high levels of the complementary receptor to PD-1, programmed death ligand 1 (PD-L1), expressed on both TILs and MCPyV-positive MCC tumor cells. These findings suggest that although TILs may be in the right place at the right time, their capacity for tumor destruction may be limited. Therapeutic trials aimed at reversing these exhaustion phenotypes are currently underway (discussed later).
Unknown Primary
Although most MCCs arise in the skin, estimates show that as many as 19% of all MCCs 39 and 40% of stage IIIB MCCs 40 present with no known primary. Several studies have shown that patients with MCC with no known primary have significantly improved survival. [40] [41] [42] A 2-year survival rate of 76.9% has been reported for patients with stage IIIB MCC without a known primary versus 36.4% for those with a primary. 43 The absence of a primary lesion in the setting of nodal disease may reflect the ability of cell-mediated immunity to eliminate the primary tumor. If that is true, the impressive prognostic benefit associated with no known primary may be a function of cellmediated containment of residual disease. Given the strength of this association across several cohorts, incorporation of the presence or absence of a primary tumor as a prognostic factor may be considered in the next MCC staging algorithm.
p63 Expression p63 is a multifunctional transcription factor necessary for normal epithelial development.
44 p63 expression has also been implicated as a prognostic factor in several cancers, including breast cancer, squamous cell carcinoma of the head and neck, and bladder carcinoma. 44 Several studies have suggested that p63 expression is an indicator of poor prognosis in MCC. [45] [46] [47] In a univariate analysis of localized MCCs, Asioli et al 45 reported a 20% 5-year survival rate for 21 patients with MCC with p63-positive tumors compared with 100% for 19 patients with p63-negative MCC (hazard ratio [HR], 7.26; P<.001). In an independent and larger cohort, Stetsenko et al 47 also found that p63 expression was significantly correlated with decreased survival, but the magnitude of the association was smaller (HR, 2.05; P=.02). In multivariate subgroup analysis, p63 expression did not significantly predict mortality within a given stage. 47 Currently, the additional prognostic value p63 expression adds to MCC staging or clinical management is unclear. 48 Although localized MCC is effectively controlled with surgery and radiation, chemotherapy for advanced disease carries significant morbidity and rarely offers durable benefit. This article focuses on emerging therapeutic approaches designed to activate tumor-specific T cells and augment cellular immunity in an effort to prevent or control advanced disease. A more comprehensive assessment of established and experimental therapies for advanced MCC was recently published by Miller et al. 49 Binding of PD-1 by its ligand PD-L1 induces T-cell exhaustion, thereby inactivating T cells that have been chronically presented with antigens they have failed to clear. Targeted inhibitors of PD-1 and PD-L1 have been shown in early-phase trials to durably shrink a variety of advanced cancers, with particularly promising results in cases with high expression of PD-L1 in the tumor. 50, 51 The observations that patients with MCC often have MCPyV-specific T cells expressing PD-1, 37 and that high tumoral PD-L1 expression is often seen in MCPyV-positive MCCs, 38 provide a strong rationale for a trial of PD-1 pathway blockade in patients with advanced MCC.
Monoclonal antibodies targeting 4-1BB (CD137, a costimulatory receptor found on activated T cells) have been shown to increase leukocyte proliferation and reduce tumor growth in preclinical studies. 52 Because MCPyV-specific T cells have increased expression of CD137, 37 MCC is an attractive target for 4-1BB agonists. A multicenter phase I trial for patients with MCC is currently underway (Clinical Trials.gov identifier: NCT01307267).
Adoptive T-cell therapy is the process of extracting T cells from patients, selecting for and expanding those of the desired antigen specificity, and then reinfusing them into the patient. The strong links between T-cell function and survival, 17, 33, 35, 36 and the ongoing expression of viral oncoproteins, 24 make adoptive T-cell therapy an attractive modality for treating MCPyV-positive MCCs. In an ongoing phase I/II trial, MCPyV-specific T cells are being used to treat patients with metastatic MCC (Clinical Trials.gov identifier: NCT01758458).
Conclusions
Before 2008, little was known regarding the precise cause of MCC, no MCC-specific diagnostic codes existed, MCC was staged along with comparatively benign skin cancers such as basal cell carcinoma, and virtually no active clinical trials were underway. Currently, 9 clinical trials are specifically recruiting patients with MCC, with several others pending (see ClinicalTrials.gov). According to PubMed, between 2000 and 2008, an average of 80 papers were published per year relating to MCC. In the years since, that number has more than doubled. This increase in clinical interest and scientific attention is no doubt partly because of the discovery of MCPyV and subsequent studies establishing the important role of the immune system in the genesis and prognosis of MCC. Although in their early stages, trials of mechanism-based therapies aimed at activating antitumor T cells have already shown promise in several malignancies, and may be particularly effective for this virus-associated cancer.
